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® Dual polarization transmission system. 

© A dual polarization transmissior. system for transmitting digital mdouiatod signal each having a particular 
bandwidth by use of two polarized waves which have the same center frequency and are orthogona to each 
other The side of the system demodulates radio frequency signals sent by a honzontally and a 

Z7cJy po?J^^^^ and coming in through a receiving antenna into IF signals. From the received s.gr^al of 
one poLri^^^^^^^^^^ interference component of the other polarization generated on the basis of the cross-polar IF 
signal or demodulated signal is removed. 
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DUAL POLARIZATION TRANSMISSION SYSTEM 



The present invention relates to a dual polarization transmission system which transmits digital 
modulated signals having different bandwidths by radio waves that have the same center frequency and are 
different in polarization and. more particularly, to the cancelleration of cross polarization interference 
components. 

A transmission system of the type described uses a co-channel frequency arrangement in which two 
radio channels of horizontal polarization and vertical polarization share the same frequencies and a 
particular bandwidth is assigned to each polarization. The co-channel frequency arrangement promotes 
effective use of frequencies without increasing the interface between co-polar channels, compared to an 
interleave frequency arrangement in which radio channels are alternately arranged on a horizontally and a 
vertically polarized wave. This type of transmission system is disclosed in U.S. Patent 4.861 .021 issued to 
Yoshimoto and Maeda whose is one of the Inventors of the present invention (Reference).' 

A system of the type transmitting signals having the same bandwidth by use of the co-channel 
frequency arrangement of radio channels of a horizontally (H-) and a vertically (V-) polarized wave is also 
known in the art. In relation to this type of system, there has been proposed an implementation for 
cancelling cross polanzation interference, I.e., the interface between a horizontally and a vertically polarized 
wave by Ryu, Tahara and Noguchi in the paper entitled "IF BAND CROSS POLARIZATION CANCELER" 
reported in ICC ■84 LINKS FOR THE FUTURE. IEEE International Conference on Communication heldin 
Amsterdam. The Netherlands, May 14 - 17, 1984. (IEEE, 1984), It is not practicable, however to apply the 
cross polarization interference cancellation (XPIC) for use with the co-channel frequency arrangement in 
which a honzontally and a vertically polarized wave have the same bandwidth directly to the co-channel 
type transmission system which transmits signals having different bandwidths. 

Specifically, an interference canceller for cancelling the interference between a H- and a V- polarized 
wave has a transversal filter therein. In the co-channel arrangement wherein the radio channels share the 
same bandwidth, the tap delay of the transversal filter is selected to be the reciprocal of the symbol rate f - 
(equal to bandwidth) of signals to be transmitted. XPIC using such a transversal filter is not directly 
applicable to the dual polarization transmission system disclosed in Reference, since the latter assigns a 
different symbol rate to each of a H- and a V- polarized wave. 

It is therefore an object of the present invention to provide a dual polarization transmission system 
capable of transmitting digital modulated signals having different bandwidths by different radio waves 
having the same center frequency, while surely cancelling cross polarization interference components 

According to the invention, there is provided a dual polarization transmission system transmitting digital 
modulated signals having two different bandwidths by two orthogonal radio waves which have the same 
center frequency and are orthogonal in polarization, the system comprising, at a receiver side, interference 
cancelling means for removing interference components leaked from a cross-polar wave from a co-oolar 
received signal. 

The above and other objects, features and advantages of the present invention will become more 
apparent from the following detailed description taken with the accompanying drawings in which: 

Fig. 1 is a block diagram schematically showing an embodiment of the dual polarization transmission 
system in according with the present invention; 

Fig. 2 is a view representative of a frequency arrangement particular to the illustrative embodiment- 
Fig. 3 is a block diagram schematically showing a specific constructed of a control signal generator 
included in the embodiment and having a phase error correcting circuit therein; 

Fig. 4 is a schematic block diagram showing a specific construction of the phase error correcting circuit- 
Fig. 5 and 6 are schematic block diagrams each showing a different alternative embodiment of the 
present invention which, like the embodiment of Fig. 1, implements XPIC in the IF band; and 
Figs. 7 and 8 are schematic block diagrams each showing a different alternative embodiment of the 
present invention which implements XPIC in the baseband. 
Referring to Fig. 1 of the drawings, a dual polarization transmission system embodying the present 
invention is shown. In Fig. 1, the transmitter side has a 64 QAM modulator 11, a 16 QAM modulator 12 
transmitters 21 and 22. and a transmitting antenna 31. The receiver side has receiving antenna 41 ' 
receivers 51 and 52, a 64 QAM demodulator 61. a 16 QAM demodulator 62. interference cancellers 71 and 
72, and shift registers 81 and 82. 

At the transmitter side, the 64 QAM modulator 11 produces a 64 QAM modulator signal (IF signal 
center frequency f.p) having a bandwidth B, (= symbol rate fs,). The transmitter 21 converts the 64 QAM 
modulated signal into a radio frequency signal whose center frequency is fo. This radio frequency signal is 
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B^, = symbol rate fs2) • 

5 

The transmitter 22 associated with the modulator 12 cor^verts the 16 QAM rnodulated signal into a radio 
r5 Tt'he receiver side, the radio frequency signal coming in through the ""Polar side of the antenna^ 

" ri55=H~5H;S-::=;™ ^^^^^^^ 

mfrr. 5 wNch ™ .o" »d ..rough a d.lay dircul. 7,3 »W* co,„pens«„ fo, .he delay 
»gna. Irom m. « " i^, ^,.„, J,., ,ad« 70, »htth 1. iras from ,h. cross pola.izal.on 

« pmlcular .0 ,ha l.ansvarsal '"^ J? ~f ^'/J, i„„dui.»r 6,, Th. d.la, o, .ha d.lay clrcuil 7,3 Is 

;r^=,rr;:i,^^-:^hVd^'l.ro?r ,».„ 73 a„d „a.epy sa.., up .ha .1.., .. 

'rhfjll sl,nal g.na,a.o, 7,2 r.c.lvas an IF bahd cahl.r OARR (.„ MHz) reco.arad by Ih, 64 QAM 
« da^ul^or 3,, l»'.,ror signals Ep »d ^-P— ;L^fa^^^ 

as *T,"J.a:l will pa n,«.a .o Figs 3 and 4 ,» dascHblnj, a =P-»» ""f °' ^^^^^^^^^^ 
gana,a,«, 7.. As Jp»n In 3^,.», car*, CARB and ,ho a.o, n.s ^^a^" ^^"^ 

2r:e. «"i.'^a%~ -cul. 7.0 cprracs « dl«e.^ce In phase be.»,en .ha 
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quadrant detection signals D p and D q and the error signals Ep and Eq ascribable to the phase difference 
between the earners CARR and CARR . More specifically, the signals propagated in orthogonal polariza! 
t.ons are reproduced by the carriers of the individual demodulators. Therefore, should a difference in phase 
exist between the individual carriers at the time of regeneration, the interference components from the 
orlhogonal polarized sides and the signal components effected by the interference would be regenerated in 
different phases The difference in phase has to be corrected. As shown in Fig. 4, the phase error 
corrscj^ng c.rcu.t 799 has a carrier phase comparator 781. inverters 782 and 783. and selectors 784 and 
^^ rlJr"'^!, "^o-^Parator 781 compares the phases of the carrier recovered by the 64 QAM and 

thl^t . .7 ^^^P^-^^'^^'y- f-^^ds control signals to the selectors 784 and 785 on 

nvertrn .IS ^^^^^-^P^--'^^"- The error signals Ep and Eq from the 64 QAM demodulator 61 and 

inverted signals Ep and Eq from inverters 782 and 783 are applied respectively to the selectors 784 and 
785. In response, the selectors 784 and 785 operate according to the control signals from the carrier 
comparator 781. as shown in Table below. ru<n me carrier 
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In the above Table. Ep and Eq are representative of the opposite phases of Ep and Eq, respectively 

bv t^^Zl? ^^"i 'h ?- ^' '"^ "^^-^^ °f "'P-«0PS 786 to 781 operated 

by the clock signa which is recovered by the 16 QAM demodulator 62. and correlation detectors 792 to 796 

fmm thT ' '^T "^^^ ^"P-"°P- 788 to 791 are connected in series. The error signals 

Ind Da'%S fpH TTl "'^ ''P-''°P q"^^^^"* '^^'^^tio" Signals Dp' 

and Dq are fed to one input of the correlation detectors 792 to 796 via the flip-flops 786 and 787 while the 
branched output signals of the phase error correcting circuit 799 and the outputs of the flip-flops 788 to 79 1 

stnals'c C T^'V? ''''''''' respectively'weighting control 

thf n I ' ^^""^ "^'"9 representative of a correlation between the error signal of 

the co-polar side and the quadrant detection signal of the cross-polar side. More specifically, by determin 
mg the correlation between the error signals of the co-polar side and the quadrant detection s^^nals of the 
cross-polar side, the correlation detectors 792 to 796 estimate Interference components fror^ the cro^ 
polar side remaining in the output of the adder 701. By such estimation, the tap coefficient Hontrolted to 

" ''-^-'^ — minimi.ng 

In the illustrative embodiment, the phase error correcting circuit 799 is connected to the input side 
where the error signals of the co-planar side arrive. Alternatively, the phase error correcting circui 799 may 
oe connected to the input side where the quadrant detection signals D'p and Dq from the 16 QAM 
demodulator 62 arrive. In such a case, the difference in phase between the quadrant detecTon signals and 

~ --^^ recoveredrt;:'S:idu"a1 

In Fig 1 the interference canceller 72, like the interference canceller 71, has a delay circuit 733 a 
ransversal liter 74, an adder 721. and a control signal generator 732. The interference cance'ri dSrs 
7rtn 7. K "^^'^y °^ ^^^^y '^i^^^'t 733, the delays of delay circuS 

dSrJrcuiJ'srhas' rd^ '° Specifically, the 

fhJ If ? ^ "^^'""^ compensates for the delay particular to the transversal filter 74 while 

the delay circuits 728 to 731 each has a delay of 1/mxB, (m being an integer) which is the rsc proca of an 
ntegral multiple of the bandwidth of the cross-polar side. i.e. H-polar side. The control signal gTnerat 732 

and DaVom T^JTIo.mT ZT^ ^'9"^' ^^"^ ^--^-"^ deletion signals Dp 

and Dq from the 64 QAM demodulator 61, and the recovered carrier CARR' and error signals e'd and Eq 

delTv d% 62. At this instant, the error signals Ep and Eq from the demodulator 62 are 

64 QAM 1 H '""^ ""^'"9^ °f ''^^ ^'^'^k Signal CLK^rorn 'he 

64 QAM demodulator 61, so that the difference in delay time between the 64 QAM and 16 QAM 
demodulators 61 and 62 may be compensated for. The rest of the construction and operation is deSic^ 
with the horizontal polarization side, and redundant description will be avoided for simplicity 

In the Illustrative embodiment, the quadrant detection signals Dp and Dq and error sionals e'a and p'n 
from the 16 QAM demodulator 62 are delayed by the shift registers'si and 82. onTe aTump'on thatfhe 
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concentrate only on the portions of .he f j"^^ ,3,3^^^ canceller 71 ' which is constituted 

embodirrient. As shown, the alternative embodiment has ^l'"^;^^^:^^^^^^^^^^^^^ side, an adder 

by a transversal fiiter 75 for generating '^^'I'l^^^^^^^^^^^ i-it 741 to produce a 

701 for adding the output of the transversal ^^^^J^^^J^'^J^^^ f^r delivering weighting control 

follows. A H- wave and a V- wave (or ■ntorferonce "J^^^Jf^^^^^^^^^ canceller is an 

f,,/2 in the baseband. The signal to be ^^^'^^f^l^XT^^^^^ an interference wave 

approximate signal of an interference ^^'''■^'^;°'yj°^Xre7ZM by the values sampled by 
H.Ked in band to ^Z::^ stl"hrevable on^y if the tap delays of the 

frequencies higher than isz- Hence, aesirea cuk« y ^^nrpil^i^rs are less than l/fs2 of the interference 

transversal filters incorporated - f '^^^^^^^ is smaller than 1/fsa is 

wave. It follows that the ^^^^^^ degradation is allowed, 

disirable. However, the delay of ^^'^^^^^'^ ^ "™ and 92 adapted for cross-polarized 

The illustrative embodiment further includes demodulator 91 ^""^ J ^ incorporated in the 
waves, specifically, the demodulator J^-^^^f '^f ^^ollitorQ 'd^^^^^^^^ delay 
transversal filter 75, i.e., the ^'^^^^^^^'J.^^^^ sl^'al CLK from the demodulator on 

circuit 743 by using the recovered ^^.^^.^^g^^^^^^^^^^^^ quadrant detection signals D p and 

the H-polar side, i.e.. the 64 QAM demodulator .^^^^f / .P'^ ^^^^^^^ to the recovered clock 

D'q. The control signal generator 746 outputs -^'f''^.^ ^^f coSar side, i.e., the 64 QAM 

signal CLK and error signals Ep and Eq from ^^^I'l^f'^^^';^^^^^ 91. At this instant, 

30 demodulator 61 and the cuadrant detection ^^"^^^^^ ^ ^^^.^^^^^c^^^^^^^ 64 QAM demodulator 

the demodulator 91 demodulates the inputs by '^l^^^^'^''.^^:^^^^^^ ^ phase error correcting circuit. 
61, so that the control signal generator .46 shown ' ^'Q^j^J^/JXl rfs necessary that either the error 

. the V.polanzed -e_. .mj^r . — ^^^^ 

interference cance.,er 71; stated abo^- S^^^^^^^^^^^^^^^ 

made up cf delay circuits 752 to 755 each having j^e V-polar side, weighting 
reciprocal of an integral multiple 

circuits 723 to 727. and a s«„-Xn adder 721 ad'^^^^ delay circuit 751 and the output 

by a delay of the transversal fiUer 76. An adder 721 aaos ^ ^ components. The reference numeral 

of the transversal filter 76 to produce a signal '^^^ '^^-^ '^^^^^^^^ regenerates the output of 

756 designates a control signal ^'^^^J''''^- J^l^^^^^^^^^^ and recovered clock signal 

^:Zr^^o!:^ZS;^r^^t^^r^'^. .ere^y producing .uadrant detection 

^'^-rc^rol^ina, generator 756 outputs weighting con^ ^Cl an^d^Cj. in 

response to the recovered c'ock signal CLK and erro^ s gn.^^^^^^^ the^^ ^.^ 

62 and the quadrant detection signals Dp and °^ ^^^^^"""^^ ygg and 797 of the control signal 

t:::^t^r::fsT:i:t^^ rsjg Str^d. tho s^tt regi.. 32 de.ays the 

error signals e'p and Eq at the timings °*thyecovered clock signal C^^ ^^^^^^^^ ^.^^^^ 

This embodiment differs from the ^'^''^^ "'Jj^' '^.^^f^^'^.^S, ^ integral multiple of the 
the interference canceller ^J^^ ,f 3 gna l o oTo.ar side is fed to the control signal 

re:aS in sra^Cgra^ortroZtrofr^ -Lrs su«ice the interface between the 
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H- and V-polanzation systems. Hence, when the demodulator on one of the opposite sides fails the 
?Z ZV:T P°'--tion IS normally operable. Furthermore in the case 

that each system ,s accommodated in an independent housing, a single connecting portion suffices 

F.g 6 shows another altemative embodiment of the present invention which is essentially similar to the 

5 embodiment of F.g. 5 except that delay circuits 762 to 765 and 772 to 775 incorporated in transvT sa "filterS 
77 and 78. respectively, have delays each being the reciprocal of an integral m'ultiple of the bandlTo 
the H-polar,zed wave. Specifically, in Fig. 6. the delays of the delay circuits 762 to 765 and 772 to 775 fact 
-s the recprocal l/n xB, (n being an integer) of an Integral multiple of the' bandwidth of the H polar s.de 
The recover clock s.gnal CLK from the 64 QAM modulator 61 is applied to the demodulator 92 cont^i 

w s.gnal generator 776^ and shift register 82. The delay circuit 771 has the same delay time as that of he 

tt rmTdirt " FfgT""^ " 
rs ut^Z !^ ^ ^ V° ""^ "^'^y ''"''^ transversal filters, as stated above 

wr^n iSrnStrucror"^^^ ^^^^ ^^"^ --^^ - ^ ■-^^^^'^^^i 

While the embodiment of Fig. 6 has been shown and described as adoptinq the reciorocal of «n int.r.r=i 
mulfple Of the bandwidth of the horizontal polarization as the tap delay of'Lofh o^he trans^^e^^^^^^^^^^^ 
may be replaced with the reciprocal of an integral multiple of the bandwidth of the v ertiral po a izi,^ 

AH Th ""T. ' °' ''•'^"'"^ *° ''^^ -^-^ °' the control signal generator^ 

All the embod>ments described so far cancel cross polarization interference in the F band The 
mterference may alternatively be cancelled in the baseband, as will be described 

.nn!n/n^'J' ^"^^^t?"®'"^*'^^ embodiment of the present invention is shown which cancels interference 
components ascnbable to cross-polarization waves before the descrlmination of data, ie in analorsianals 

25 and ,n the baseband. Fig. 7 shows only the receiving side. A radio frequency signal comlr^q ^ throuoh the 
antenna 1 and having the bandwidth B, of the H-polar side is converted Into an ^F 'rna, bv the r^^^^^^^ 
,iL A T f'''' "'^ '° ^""^ demodulator 61 and the demodulator 92 adapted for the cro s^pola 

s de. A rad.o frequency signal coming in through the antenna 41 and having the bandwidth B of the V-cola 
s«de .s converted into an IF signal by the receiver 52 and then applied to the 16 QAM demodu ator 62 aid 

.0 the demodulator 91 adapted for the cross-polar side. The demodltors 61. 62, 91 ^d 92 ^e Sade uo of 
respXe,y''"''""°"' discriminators 612, sS. 912 Sd 922 

detectors 6l'f and ll7Tn TT" T T^'l'" -^P-=«-'V demodulated by orthogonal synchronous 

,^n!il ? \ ° ^'9"^'^ °' *® baseband. At the same time and IF 

3S s gnals ^om the rece.vers 51 and 52 are respectively applied to orthogonal synchronous detects 92T and 

911 to be thereby converted into P channel and Q channel signals of the has<=hj,nrf thf . 

carriers CARR and CARR' adapted to 64 QAM and 16 QATThe ortpursTonaS^ of ^ .'^^'1 

synchronous detectors 611 and 621 are respectively routed through interference Scalers 79 an^^^^^^^^^^ 

the discnmrnators 312 and 622 and thereby converted into baseband digital Signals The outDut s^onf 1^ 
40 the Orthogonal synchronous detectors 911 and 912 are also routed through tf^eTnlrfllencrcancTe? 

and 80 to the discriminators 912 and 922. respectively. In response, the discriminarr?i2 andT2lo:^^ 
« AZ discriminating them by the 64 QAM recovered clock inarCLK and the 

16 QAM recovered clock signal CLK , respectively. ^ ""^ 

The interference canceller 79 has transversal filters 954 and 955 to which the P channel and o nh=,nn<.. 
« outputs of the Orthogonal synchronous detector 91 1 respectively are applied TddL 942 an?942' rec ve 

the outputs of the transversal filters 954 and 955. respectively. Delay circuits 930 and Q^n'^! 

respectively the P channel and Q channel outputs of the detector 611. An adder 931 adds m= ol.t fl 

S'Zt Tr'''' ^''^ - ''''' 931' addf the output oVa delay 

930 and the output of the adder 942 . The resulting outputs of the adders 931 and 93l' are fed n L 

so d.scr.m,nator 612. The reference numeral 953 designates a control signal generator '° ' 

Delay circuits 932 to 935 and delay circuits 943 to 946 incorporate in the transversal filter. =nH 
955, respectively, each are connected in series and have a delay which is the rL inrr-iT/n.R 1 k 
integer) of an integral multiple of the bandwidth of the horizontal pol rlat on The P c^^^^^^^^^^^^ 
outputs 0 the Orthogonal synchronous detector 911 are connected to the del^. circut 932 and 94^ 

so respecfvely^ The output of the detector 91 1 and the outputs of the delay circuits 932 933 943 and 935 are 
ielivLT' ? 938. 939 and 940. respectively. The weighting circuS' 936 to 940 each 

delive s to a summmg c.rcuit 941 a weighted signal which is proportional to a control signal fed from S 
control signal generator 953. At the same time, the output of the detector 911 and the 0 fp" s ^the de ay 
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Circuits 932 933 934 and 935 are delivered to weighting , circuits 936, 937. 938 939 and 940^ 
esptctive^y in respor^se. the weighting circuits 936' to 940 each feeds to a summ.ng c.rcu.t 941 a 
weThted sLal which is proportional to control signal fed from the control signal generator 953^ 
""^"the 'thl output Of the detector 911 and the outputs of the delay ^i-f^%^;;4V5fan?947' to 
. . -fo QA7 fr. Qqi ;:,nd q47 to 951 In tesDonse, the weighting circuits 947 lO 951 and 94/ to 

the 64 QAM mdoulated signal, and an interference compound from the Q channel o tne lo . 
modulated signal to the Q channel of the 64 QAM rr^odulated signal appear on the output termmals of the 

'"X:it:S^t':^^lo:^^^''0. ..... of .a co-,anar side and the guadrant 

. detect^: Sni :l the cross-polar side are detected to estlmato interference connponen^^ the cross- 
Dolar side to vhe P channel of the co-polar side remaining ,n the output of the adder 931. By such 
Sr^a ion the'tap coefficient is controlled to cause the transversa. X!:;;^^:^;^''^^ 
n^nf^ ^uch that the remaining interference components are minimized. Likewise, the transversal niter is 
rled to gent;? interference components such that the interference components from the cross-polar 
on ciHf. tft thP Q channel of the co-polar side remaining in the output of the adder 931 . 

An Tdder 942 add3 outputs of the summing circuits 941 and 952. i.e.. the interference components 
to the P Channel of the 64 QAM modulated signal, while an adder 942 adds the outputs of the summing 
dr^ufts 94Tand 952',te.. the interference components to the Q channel of the 64 QAM -°df ted s.gna^^ 
Circuits 941 • . respectively the P channel and Q channel outpute of the orthogonal 

.s svnchronous d tects 6 1 routed mrou 'L delay circuits 930 and 930' and the outputs of the adders 
9^2 '^942' iroutp^^^ Of the adders 931 and 931 ' which are free from interference components are 

''''?hV°dJaV'Sr?3o'lnd 930' compensate for the difference in delay time between th^e route 
The delay circuits ^-^^ ^rtHors 931 and 931 ' via the orthogonal synchronous detector 61 1 and 

.IZL 9°2, ,„ .esponse. the discriminalor 912 o«uts quadran, dsMct.on signals Dp and Dq ,n 



UlbtJi mill latiji 1 1_. .v-'v^f-' — f - - I !• ■ • 1. G-1 O 

synchronism with the recovered clock fed thereto from the discriminator 612. 
synchronisrn w,tn t ^ ^^^^ discriminator 912 are delivered to the control 

,innll LnSator 953 tocSe? J^^^ the recovered clock signal CLK and, error signals Ep and Eq among tne 
haTet' d dStal s'gnlnrcm'the discriminator 612. Based on these signals, the control signal generator 953 

nrnrinces weiahtinq control signals by the previously stated method. _ 

^ ' An interfe'rence canceller 80 is constructed in the same manner as the '"--f "- ^^"^^^^^^ ™ 
fnr thP differences which will be described. Specifically, delay circuits 957 to 960 and 968 to y/i 
n o perated in me ilrf^^^^ canceller 80 each has a delay which is the reciprocal 1/mxB. being ar. 
Ser) oTan integral multiple of tne bandwidth assigned to the V-polar side. Delay -^.'^^-'t^ 9^6 and 956 
rninpnsate for he difference in delay time between the route extending from the receiver 52 to the adde s 
gara^d 981' vifthe Son^ synchronous detector 521 and the route extending from the Receiver 51 to 
adders 981 and 981 ' via the orthogonal synchronous detector 921 and transversal filters 979 and 980 
RaTshows another^Lrnative embodiment of the present invention which executes digital processing 
• H=;oK«nri Tr, Ra 8 like in Fq 7 only the receiver side is shown. A radio frequency signal coming in 
Through thTan e a'S- an^ h vingVe bandwidth B, assigned to the H-po.ar side converted into an 
IS hv the receh/er 51 and then fed to the 64 QAM demodulator 51 and the demodulator 92 adapted for 
„ S c oss-Poia s e A radfo^t^^^^^ signal also com,ng in through the antenna 41 and having the 
oandw^th B assigned to the V-polar side is converted into an IF signal by the receiver 52 and then 
aopSr to the 16 QAM demodulator 62 and the demodulator 91 adapted for the cross-po ar s.d^ 

^.e P channel and Q channel baseband digital signals demodulated and regenerated by he 64 QAM 
demodulator 61 are applied respectively to delay circuits 101 and 101 which are included in an 
55 fn^rferente cancel er 79' The input to the demodulator 91 is demodulated and regenerated in -sponse to 
the ^covered carrier CARR and recovered clock signal CLK from the 64 QAM demodulator 61 and then fed 

" ^^Srot'ri^'and 114 to 117 included in the transversa, filters ,25 and ,26, respectively. 
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each has a delay which is the reciprocal 1/nxB, (n being an integer) of an integral multiple of the bandwidth 
assigned to the H-polar side. 

.nJ^L^ ^e^""®' '"^^''^"^ ^'9'*^' s'9"3' '^^"^ *e demodulator 91 and the outputs of the delay circuits 
103. 104, 105 and 106 are applied respectively to the weighting circuits 107 to 111 and 107' to ill' The 

5 weighting circuits 107 to 111 and 107 to 111 each produces a weighted signal proportional to a weighting 
control signal and feeds It to associated one of summing circuits 112 and 112'. Likewise, the Q channel 
baseband digital signal from the demodulator 91 and the outputs of the delay circuits 1 14 to 117 are fed 
respectively to weighting circuits 118 to 122 and 118 to 122. The weighting circuits 118 to 122 and 118 to 
122 each produces a weighted signal proportional to a weighting control signal and delivers it to associated 

70 one of summing circuits 123 and 123 . 

^llu^^I ^"^"^^ ""^ ^ ''^^^band digital signal from the 64 QAM demodulator 61 routed 

through the delay circuit 101 and the output of an adder 113 which is the sum of the summing circuits 112 
and 123. Likewise, an adder 102 adds the Q channel baseband digital signal from the 84 QAM 
demodulator 61 routed through the delay circuit 101 and the output of an adder 113' which is the sum of 

rs he sumrriing circuits 112 and 123 . The adders 102 and 102'. therefore, produce signals which are free 
from interference components. 

A control signal generator 124 receives the recovered clock signal CLK from the 64 QAM demodulator 
61, error signals Ep and Eq included in the outputs of the adders 102 and 102', and quadrant detection 
signals D p and Oq included in the outputs of the center taps of the transversal filters 125 and 126 In 

" TT^oyI^uT^^^^^^^^ ^'^"^'^ "^-"^ -'^•^""a circuits 107 to 

n.rfV"*®^^"''®/^"''®"®'' ^ ' '""^ *® interference canceller 79'. removes from the output of the 16 
QAM demodulator 62 the interference components from the cross-polar side which are produced from the 
output of the demodulator 92. Delay circuits 129 to 132 and 140 to 143 Included in transversal filters 151 to 
152 respectively, each has a delay which is the reciprocal l/mxB^ (m being an integer) of an integral 
multiple of the bandwidth assigned to the V-polar side y ; " miegrai 

In the illustrative embodiments of Rgs. 7 and 8 which cancel cross polarization interference in the 
baseband, it ,s assumed that the transversal filters Included in the interference cancellers each has a tap 
interval equal to the reciprocal of an Integral multiple of the bandwidth of the co-polar side In practice 
however three different tap Intervals are available as previously stated In relation to the' interference 

o?rS'nH • °' ^^^'9"^*^ '° '"^^ -^^-P^'^^ 'he reciprocal 

of the bandwidth assigned to the cross-polar side, and either one of them. 

It is to be noted that the present invention is practicable with any suitable multi-level QAM modulated 

signa^ otner than the 54 QAM and 16 QAM modulated signals shown and described. It is also to be noted 

that the present invention is practicable with phase shift keying (PSK) modulated signals 

Iri summary in. a dual polarization transmission system of the type transmitting digital modulated 

signals having different bandwidths by radio waves which have the same center frequency and are cH^erlnt 

in polanzation, the present invention has interference cancellers capable of cancelling interference compo- 

nents introduced from the cross-polar side into the received signal of the co-polar side. The present 

40 invention, therefore, frees demodulated signals from degradation In quality 

interf^eII;nnp?.n^II^ ^'^T °' ''"^^ ^^P""^ '° ^ ^^9"^' 9enerator included in each 

interference canceller and quadrant detection signals of the cross-polar side is delayed by a shift register 

Inl'L T .=°'^P^"^^«"9 ^or a difference in internal delay between demodulators assigned to 

opposite polarization sides. ^ 

The embodiment shown in Fig. 1 is practicable with a simple construction partly because delay circuits 
mcorpora sd ,n transversal filters assigned to opposite polarization sides each has a delay wl^h ii the 
reciprocal of an integral multiple of the bandwidth of the cross-polar side and partly becaSse use S not 
made of a demodulator adapted for the cross-polar side. 

rJV^V^^^fT"^ °l ^' transversal filter assigned to a particular polarization side has delay 
dZd.rn f ^ " °' "^"'^'P'^ °f "^^"^^'^th °f 'he co-polar side, and a 

eroAM ,nH i« nZ''"^?' ' " ^a-^h of the opposite polarization sides. This allows a 

64 QAM and a 16 QAM system to be interfaced at a single point of each receiver. Hence, even when one 
demodulator fails, it does not affect the interference canceller of the cross-polar side 

cH^^""^-?.!'' sl^O'"" l^'g- 6 implements interference cancellers of opposite polarization 

ZZT '"i "r"" =°"«9uration since delay circuits built In transversal filters each has a delay wSTs 
the reciprocal of an integral multiple of the bandwidth of one polarization side. 
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Claims 

1. A dual polarization transmission system for transmitting each of digital modulated signals having two 
different bandwidths by respective one of radio waves which have a same center frequency and are 

5 orthogonal in polarization to each other, said system comprising at a receiver side; 

cross polarization inteference cancelling means for removing a cross-polar interference component from a 
co-polar received signal. 

2. A system as claimed in claim 1 , wherein said cross polarization interference cancelling means comprises: 
a transversal filter having a predetermined tap delay for producing cross-polarization interference compo- 

10 nents: 

control signal generating means for feeding a weighting control signal to said transversal filter; and 

adding means for adding an output of said transversal filter to the co-polar digital modulated signal to 

cancel said cross-polarization interference components. 

3. A system as claimed in claim 2. wherein said predetermined tap delay of said transversal filter 
75 corresponds to a reciprocal of an integral multiple of the bandwidth assigned to a cross-polarized wave. 

4. A system as claimed in claim 2, wherein said predetermined tap delay of said transversal filter 
corresponds to a reciprocal of an integral multiple of the bandwidth assigned to a co-polarized wave. 

5. A system as claimed in claim 2. wherein said predetermined tap delay of said transversal filter 
corresponds to a reciprocal of an integral multiple of the bandwidth assigned to either one of polarized 

20 waves having a narrower bandwidth than the other. 

6. A system as claimed in any of claims 2 to 5, wherein said control signal generating means receives an 
error signal representative of discrimination error for a co-polar regenerated data signal, and a regenerated 
data signal and a recovered clock signal derived from a cross-polar transmitted signal. 

7. A system as claimed in any of claims 2 to 5. wherein said control signal generating means receives an 
25 error signal representative of discrimination error for a co-polar regenerated data signal and a recovered 

clock signal of co-polar side, and a regenerated data signal derived from a cross-polar transmitted signal. 

8. A system as claimed in claim 6 or 7, further comprising delaying means for delaying either one of the 
error signal representative of discrimination error for the co-polar regenerated data signal and the 
regenerated data signal derived from the cross-polar transmitted signal to produce a delayed signal, and for 

30 delivering said delayed signal to said control signal generating means. 

9. A dual polarization transmission system for transmitting each of digital modulated signals having two 
different bandwidths by respective one of radio waves which have a same center frequency and are 
orthogonal in polarization to each other, said system comprising a transmitter side and a receiver side; 

said transmitter side comprising; 
35 a first and a second modulator each for outputting respective one of digital modulated signals having the 
two different bandwidths; 

a first and a second transmitter each for converting respective one of outputs of said first and second 

modulators into a radio frequency signal having a same center frequency; and 

a transmitting antenna for radiating output signals of said first and second transmitte.rs as radio waves which 
40 are orthogonal in polarization to each other; 
said receiver side comprising: 

a receiving antenna for receiving the radio waves on a polarization basis and thereby producing a first and a 

second radio frequency signal, respectively; 

a first and a second receiver for convering said first and second radio frequency signals into a first and a 
45 second IF signal, respectively; 

first and second cross polarization interference cancelling means for removing interference components of 
orthogonal polarization from outputs of said first and second receivers on the basis of said first and second 
IF signals, respectively; and 

a first and a second demodulator for demodulating respectively outputs of said first and second cross 
50 polarization interference cancelling means to discriminate and regenerate said outputs. 

10. A system as claimed in claim 9. wherein said first and second cross polarization interference cancelling 
means each comprises: 

a transversal filter having a predetermined tap delay for receiving a cross-polar digital modulated signal to 
generate a cross-polar interference component; 
55 control signal generating means for feeding a weighting control signal to said transversal filter: 

adding means for adding an output of said transversal filter to a co-polar digital modulated signal to feed a 
signal free from cross polarization interference components to said demodulator. 

11. A system as claimed in claim 10, wherein said transversal filters of said first and second cross 
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polarization inteference cancelling means each has a predetermined tap delay which is a reciprocal of an 
integral multiple of the bandwidth assigned to the cross-polarized v/ave; 

said control signal generating means each generating and weighting control signal in response to an error 
signal from said first demodulator and a recovered clock signal and a regenerated data signal from said 
5 second demodulator, 

12. A system as claimed In claim 10 or 11, further comprising delaying means for delaying either one of 
said co-polar error signal and said cross-polar regenerated data signal and for delivering said delayed signal 
to said control signal generating means, 

13. A dual polarization transmission system for transmitting each of digital modulated signals having two 
10 different bandwidths by respective one of radio waves which have a same center frequency and are 

orthogonal in polarization to each other, said system comprising at a receiver side: 

first receiving means for converting a radio frequency signal transmitted by co-polar one of the two 
orthogonal polarized waves into an IF signal; 

second receiving means for converting a radio frequency signal transmitted by cross-polar one of the two 
75 orthogonal polarized wave into an IF signal; 

first detecting means for detecting a co-polar error signal by demodulating the IF signal outputted by said 
first receiving means; 

second detecting means for detecting a cross-polar regenerated data signal by demodulating the IF signal 
outputted by said second receiving means; 
20 control signal generating means for generating a weighting control signal from said co-polar error signal and 
said cross-polar regenerated data signal; 

a transversa! filter applied with said IF signal of cross-polar side and having a tap delay which is weighted in 
proportion to said weighting control signal to generate cross-polar interference component; and 
adding means for removing the cross-polar interference component from said co-polar IF signal to deliver 
25 an output thereof to said first detecting means. 

14. A system as claimed in claim 13, wherein the tap delay of said transversal filter has a delay which is a 
reciprocal of an integral multiple of the bandwidth assigned to the cross-polarized wave; 

said control signal generating means for generating said weighting control signal in synchronism with a 
clock which is produced by said second detecting means. 
30 15. A system as claimed in claim 13, wherein the tap delay of said transversal filter has a delay which is a 
reciprocal of an integral multiple of the bandwidth assigned to the co-polarized wave; 

said control signal generated means generating said weighting control signal in synchronism with a clock 

produced by said first detecting means. 

16. A system as claimed in claim 13. wherein a predetermined intertap delay time of said transversal filter 
35 has a delay which is synchronous to a reciprocal of either one of the bandwidths assigned to the co- 
polarized and cross-polarized waves; 

said control signal generating means generating said weighting control signal in synchronism with either 
one of clock signals produced by said first and second detecting means. 

17. A system as claimed in any of claims 13 to 16, further comprising delaying means for delaying either 
40 one of said co-polar error signal and said cross-polar regenerated data signal to be applied to said control 

signal generating means, and delivering said delayed signal to said control signal generating means. 

18. A dual polarization transmission system for transmitting digital modulated signals each having respec- 
tive one of a first and a second bandwidth by a first and a second polarized waves which have a same 
center frequency and orthogonal in frequency to each other, said system comprising at a receiver side: 

45 first receiving means for converting the radio frequency signal having the first bandwidth and transmitted by 
the first polarized wave into a first IF signal: 

second receiving means for converting the ratio frequency signal having the second bandwidth and 
transmitted by the second polarized wave into a second IF signal; 

first detecting means for demodulating said first IF signal to produce a first demodulated signal and 
50 detecting an error signal out of a signal from which cross polarization interference has been removed; 

adding means for producing said signal from which cross polarization interference has been removed from 
said demodulated signal and interference components; 

second detecting means for demodulating said second IF signal to produce a second demodulated signal 

and detecting a regenerated data signal out of said second demodulated signal; 
55 control signal generating means for generating a weighting control signal from said error signal and said 
regenerated data signal; and 

a transversal filter for receiving said second demodulated signal and having a predetermined tap delay 
weighted in proportion to said weighting control signal to generate said interference component. 
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19. A system as claimed in claim 18, wherein said predetermined tap delay has a delay which is a 
reciprocal of an integral multiple of the bandwidth assigned to the second polarized wave. 

20. A system as claimed in claim 18, wherein said predetermined tap delay has a delay which is a 
reciprocal of an integral multiple of the bandwidth assigned to the first polarized wave. 

5 21. A system as claimed in any of claims 18 to 20. further comprising delay means for delaying either one 
of said error signal and said regenerated data signal and feeding said delayed signal to said control signal 
generating means. 

22. A dual polarization transmission system for transmitting digital modulated signals each having respec- 
tive one of a first and a second bandwidth by a first and a second polarized wave which have a same 

10 center frequency and orthogonal in frequency to each other, said system comprising at a receiver side; 

first receiving means for converting the radio frequency signal having the first bandwidth and transmitted by 
the first polarized wave into a first IF signal; 

second receiving means for converting the radio frequency signal having the second bandwidth and 
transmitted by the second polarized wave into a second IF signal; 
75 first detecting means for demodulating and regenerating said first IF signal to produce a baseband digital 
signal including a first regenerated data signal and a first error signal; 

second detecting means for demodulating and regenerating said second IF signal to produce a baseband 
signal including a second regenerated data signal and a second error signal; 

first control signal generating means for generating a first weighting control signal from said first error signal 

20 and said second regenerated data signal; 

a first transversal filter for receiving said second baseband digital signal and having a first tap delay 
weighted in proportion to said first weighting control signal to generate a first interference component; 
second control signal generating means for generating a second weighting control signal from said second 
error signal and said first regenerated data signal; 

25 a second transversal filter for receiving said first baseband digital signal and having a second predeter- 
mined tap delay weighted in proportion to said second weighting control signal to generate a second 
interference component; 

first adding means for removing said first interference component from said first baseband digital signal; 
and 

30 second adding means for removing said second interference component from said second baseband digital 
signal. 

23. A system as claimed in claim 22. wherein said first and second predetermined tap delays have delays 
which are respectively reciprocals of integral multiples of the bandwidths assigned to the second and first 
polarized waves. 

35 24. A system as claimed in claim 22, wherein said first and second predetermined tap delays have delays 
which are respectively reciprocals of integral multiples of the bandwidths assigned to the first and second 
polarized waves. 

25. A system as claimed in claim 22, wherein said first and second predetermined tap delays have delays 
which are synchronous to a reciprocal of the bandwidth assigned to either one of the first and second 

40 polarized waves. 

26. A system as claimed in claim 22, further comprising a first and a second delaying means for delaying 
respectively either one of said first error signal and said first quadrant detection signal and either one of 
said second quadrant detection signal and said second error signal end feeding said delayed signals to said 
first and second control signal generating means. 
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@ A dual polarization transmission system for 
transmitting digital mdoulated signal each having a 
particular bandwidth by use of two polarized waves 
which have the same center frequency and are or- 
thogonal to each other. The receiver side of the 
system demodulates radio frequency signals sent by 



a horizontally and a vertically polarized wave and 
coming in through a receiving antenna into IF sig- 
nals. From the received signal of one polarization, an 
interference component of the other polarization gen- 
erated on the basis of the cross-polar IF signal or 
demodulated signal is removed. 
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